Abstract
I. INTRODUCTION
In home digital service environments, a home server can be considered as a core device for connecting and managing all of the information appliances within a home [1] [2] [3] . According to widespread use of high-speed networks such as the asymmetric digital subscriber line (ADSL), construction of access networks to connect the Internet from a home is entering into a complete stage. Recently, very high data rate digital subscriber line (VDSL) for supporting 20-50 Mbps begins to be serviced in Korea.
Together with the construction of access networks, lots of standards for wired and wireless home networks are proposed and developed. Contrary to the access networks, a few kinds of home networks can already support very high data rates up to a few hundreds Mbps, and are going to support a number of Gbps in a few years. According to the rapid progress of home networks technologies, the fiber to the home (FTTH) plan for constructing fiber networks as access networks is promoted. These high-speed access networks and home networks are connected to each other and many kinds of Internet services can be available based on this environment.
The first step of this effort starts with the appearance of digital information appliances like Internet refrigerators and Y. Choe is with the Department of Electrical and Electronic Engineering, Yonsei University, Seoul, Korea (e-mail: yschoe@yonsei.ac.kr). microwave ovens. Consequently, attempts to develop a home server for connecting and managing these appliances are continued naturally. However, these attempts are just in the beginning stage, and consensus for the configurations and functions of the system is under establishing now. Thus, the schemes and services of the home servers according to the advantage of companies proposing their own home server have different forms [1] [2] [3] [4] [5] [6] . This paper considers three kinds of companies like communication companies, game companies, and consumer electronics companies.
First, communication companies are mainly interested in networks functions of the home server. Erricson, one of the largest communication companies in Europe, developed a home server called E-Box [7] . The system employs open service gateway initiative (OSGi) [8] framework for providing home informatization and Internet services using home networks. It presents monitoring and controlling services for home automation devices, Internet sharing and firewall, and MP3 audio service through the Internet. Second, game companies are trying to develop a home entertainment server based on their game consoles. Sony considers PlayStation2, its world famous game console, as a next generation home entertainment server by adding network functions. Microsoft also developed X-Box as a network game server using its Ethernet port. Finally, consumer electronics companies, such as Matsushita, NEC, Hitachi, and LG also propose their own architecture of the home server adding PC functions to the consumer electronics products such as refrigerators.
This paper proposes new architecture of the home server that can serve as a home multimedia server, a home control server, and a home information server, in a box. The proposed system integrates various kinds of home networks devices such as the Ethernet, the HomePNA, the IEEE1394, the power line communications (PLC), the WirelessLAN, and the Bluetooth. As a home multimedia server, the home server provides lots of multimedia services, for example watching a digital TV (D-TV) program and a DVD title. The home server, as a home control server, connects and controls all of information appliances within a home using its home networks devices. In addition, the home server can be a home information server by storing lots of home information in a storage device attached on it. The proposed system also equips an open service framework and many service bundles for easy management of various services available in the system. Therefore, users can enjoy lots of Internet services in their home by connecting the high-speed home networks and Internet using the home server. Furthermore, users can access, communicate, and control all of information devices within their home through the Internet and home networks wherever they are. This paper consists as follows: Section 2 describes the concept of the digital home environments, and Section 3 explains architecture of the home server proposed in this paper. Section 4 presents implementation results of the proposed system, and finally, conclusions and future works are discussed in Section 5.
II. DIGITAL HOME ENVIRONMENTS
The concept of home digital service environments with the home server is shown in Fig. 1 . The home server connects all of information appliances within a home using home networks, and it interfaces home networks with access networks. Home networks devices are categorized into wired devices and wireless devices. Wired home networks devices include the Ethernet, the HomePNA, the IEEE1394, and the PLC. Generally, the Ethernet and the HomePNA are used to connect information devices such as computers, printers, and facsimiles. The IEEE1394 connects audio and video (AV) devices such as digital camcorders, digital VCRs, and digital audios. The PLC is used to connect white appliances like refrigerators, microwave ovens, and washing machines. Wireless home networks devices include the WirelessLAN and the Bluetooth, which can connect wireless devices like a personal display assistant (PDA) and a web pad. The home server, the core device of home digital services, is equipped with a large capacity of the storage device, and is responsible for control, management, and connection of all information appliances within a home. In addition, the system provides a method for communicating home information between family members.
III. Architecture of Home Server
The architecture of the home server is illustrated in Fig. 2 , which can be divided into three groups: hardware devices, software modules, and contents and services. First, hardware devices in the home server consist of wired and wireless home networks devices for communicating among home information appliances, a digital TV receiver for watching HDTV programs, a multimedia codec for providing multimedia services, and a storage device for storing information and contents. Second, the software modules are categorized into system software and middleware. The system software includes a real time operating system (RTOS) for the home server, Java Virtual Machine (JVM), and open service gateway initiative (OSGi) framework. The middleware consists of the agent software, OSGi service bundles, and the control/multimedia middleware [9] . Finally, contents and services such as D-TV, remote medical, remote education, and cyber home services are available on this basis. 
B. Home Networks Devices Wired Home Networks Devices
The proposed home server has wired home networks devices such as the Ethernet, the IEEE1394, and the HomePNA. First, the Ethernet is the most basic wired home networks device. The system supports high-speed data communication using the chipset that can automatically detect either 10 or 100 Mbps Ethernet communication.
Second, the IEEE1394 communication module consists of a physical IEEE1394 interface, a device driver for communication, and application program supporting play, record, and communication control functions of DV and MPEG-2 TS stream. The home server supports communication of DV data and MPEG-2 TS data between the devices connected to IEEE1394 devices. DV data communication uses DV1394 device driver that supports IEEE1394 isochronous transfer protocol and IEC61883 digital interface protocol. Instead of DV1394 device driver, MPEG1394 device driver is used to communicate MPEG-2 TS data. This module can reduce overheads for implementing multimedia data communication, because the device driver between IEEE1394 link layer and application program operates communication function transparently.
Finally, the HomePNA uses a general phone line as a physical interface. The HomePNA can be easily configured because it has free topology and can use the existing network lines. Besides, the PLC for connecting white appliances such as refrigerators, microwave ovens and electrical washing machines is installed using power line serial lontalk adaptor (PL-SLTA).
a) Wireless Home Networks Devices
The proposed home server has dual PCMCIA slots for wireless home networks devices such as the WirelessLAN and the Bluetooth. The system has the WirelessLAN consisting of ad-hoc mode for playing the role of an access point. The Bluetooth also constructs an ad-hoc network in a home. The system employs the Casira bluetooth module and the OpenBT bluetooth protocol stack.
b) Protocol Stacks
The home server is the only device in a house that has a permanent IP address. It has the policy for assigning dynamic IP addresses for the information appliances within a home. The home server uses dynamic host configuration protocol (DHCP) for assigning IP addresses automatically to the home information devices. The home information devices confirm the existences of themselves using these dynamic IP addresses.
The home server sets and performs firewall using a filtering style. The firewall to restrict the access of the data packets from unauthorized IP addresses is installed to guarantee the security of home networks. Users can set and modify the permission for access from specific addresses.
Other information appliances except for the home server have dynamic IP addresses managed by the home server. All devices connected to the home networks communicate with outer devices using one representative IP address. The outer devices respond to the internal devices using the port number occupied by the internal device.
2) D-TV Receiver
The block diagram of a D-TV receiver module for the home server platform is shown in Fig. 3 . The D-TV receiver module decodes the received D-TV broadcast signal using a tuner, an IF demodulator, an ADC, a VSB demodulator, and an MPEG decoder. HD size video data can be displayed on an HDTV through the video mux, which is employed to multiplex decoded video data and VGA (RGB) signal from the graphics module in the home server main board. Simultaneously, the D-TV receiver module can transmit VGA size video data to the multimedia codec module using the VIP port. Besides, the D-TV receiver can process additionally transmitted data broadcast as well as high definition video. In order to handle the electronic program guide (EPG), the D-TV receiver supports ATSC A/65 program and system information protocol (PSIP) standard [10, 11] . Therefore, users can utilize user-friendly information such as registered recording.
Multimedia Codec Module
The multimedia codec module receives video data from a video in port. While video data is encoded to an H.263 [12, 13] stream, an error resilient scheme is implemented to reduce the noise effects in the transmission channel [6] . The multimedia codec module performs down sampling of input video using bilinear interpolation. VGA size input images are converted into CIF size images. In order to support remote multimedia service, the multimedia codec for a home sever should process at least 15 frames for CIF size video. The home server has to support various application services for multiple users as well as multimedia data processing. Thus, it is difficult to expect adequate quality of service (QoS), if the main processor of the home server is responsible for all of the multimedia codec functions.
The proposed multimedia codec module shown in Fig. 4 makes use of a hardware module using a DSP and a field programmable gate array (FPGA) so as to reduce the load on the main processor and to support the required codec performance continually. While most parts of the codec algorithm are implemented in a DSP, motion estimation (ME) and motion compensation (MC) parts that require lots of computing time operate in a FPGA. 
C. Software Modules
The proposed system employs Qplus [14] , an embedded Linux developed by ETRI, as its realtime operating system. Qplus consists of reconfigurable embedded Linux kernel, system libraries, graphic window system, and target builder. The target builder is a tool for configuring Qplus, and this tool provides the functionality to configure all components of Qplus including kernel, system libraries, and applications. The system libraries are optimized to fit for embedded systems.
Regardless of their location, users can check the states of the information appliances within a home under home digital service environments. In addition, whenever the predefined events occur in a home, it is necessary to notify the situation to the users using instant message service. Users generally require service provider to provide various service solutions operated in the home server.
In the home digital service environments, many service providers located remotely support various services requested by users through the Internet. If all of the services make users purchase and install for themselves, it will be very inconvenient to apply the home server. For the users' convenience, a dynamic service platform that can manage application services by remote service providers should be very useful. In the dynamic service platform, the remote service providers can install and remove services operated in a user's home server by the user's request. The OSGi service platform is a dynamic service platform, which satisfies this requirement. The platform consists of various service bundles and a framework that can easily install and operate service bundles at a remote site. Using OSGi, services are distributed as a bundle format, which will be installed, upgraded, operated, and removed without rebooting or restarting of the service platform. The system provides the OSGi service framework release 2.0 and its core bundles, and an instant message service as an example of service bundle. Fig. 5 shows the architecture of OSGi service platform. OSGi framework is implemented on the JVM, and core bundles, application bundles, and library bundles are implemented on this framework [15, 16] . In addition, the system has control and multimedia middleware such as HAVi, Jini, and UpnP. Further, it also provides FiPA agent framework.
D. Contents and Services
Service applications using the home server include watching D-TV, remote medical services, remote education, and cyber home. Service provider can develop lots of services to implement digital home environment with the home server. At the remote side, service provider can enable or disable services in the user's home using the OSGi framework.
III. IMPLEMENTATION RESULTS
The appearance of the proposed home server platform is shown in Fig. 6 . The home server is developed using an x86-based processor, and integrates a few kinds of home network devices, an audio codec, and a graphics module on a board. The home server main board has an Ethernet port for uplink, 3 IEEE1394 ports, 4 USB ports, an AC97 audio codec, a VGA graphics module, and 3 PCI slots. A D-TV receiver, a multimedia codec, and a network add-on board are attached to PCI slots on the home server main board. The network add-on board has two PCMCIA slots for wireless home networks devices, an Ethernet port for downlink, and a phone line jack for the VoIP service. An example of D-TV broadcast reception is shown in Fig. 7 . The D-TV receiver supports ATSC display formats such as 720p and 1080i. Besides, it can process program and system information protocol (PSIP) standard for electronic program guide (EPG). D-TV contents can be encoded into a low bit rate stream such as H.263 using a multimedia codec module. As an example of OSGi service bundle, an instant message service bundle is implemented. Because both SMS and VMS are considered as an instant message method, the service provider needs a CDMA module and a voice module to send a message to communication networks. If the predefined event is occurred in a home, the home server can send a message to the predefined user's phone.
Methods for the instant message service consider a voice message service (VMS) and a short message service (SMS) [16] . Fig. 8 shows the architecture of instant message service. The VMS requires a voice board for connecting PSTN, and the SMS requires a wireless modem for connecting CDMA. Considering the business model in OSGi structure, a service provider presents a service platform and service bundles in the home server, and manages the platform. Fig. 9 represents relations between required bundles and service platform in the home server. The instant message service requires a SMS service bundle, a VMS service bundle, and a transmission bundle for constructing message and for sending it to the service provider. In addition, device bundle is required to interface physical devices in a home. Software and hardware components in the service provider are shown in Fig. 10 . In order to provide instant message service, the service provider requires a software component for receiving and analyzing message packet transferred from a network device and for transferring the message as VMS or SMS format. Besides, physical devices such as a voice board and a wireless modem are required. The home server communicates with the service provider using TCP/IP. The message format between the home server and service provider is shown in Table 1 , which consists of 4 fields such as callee, caller, flag, and body. A colon is used as a delimiter to parse the message. The first field is a callee number, which represents a mobile or PSTN phone number of the receiver. The second field is a caller number. In order to be recognized in the service provider, both callee and caller numbers should be numeric numbers. If these fields have an error, the service provider notifies the home server. The third field is a flag, which represents the type of the message. If this field is 0 or 2, the default short message or voice message is sent to the receiver. The message in the body field is sent to the receiver by SMS, if it is 1. On the other hand, if it is 3, the file written in the body field is sent to the receiver. The last field is a body field, which is empty if the flag field is 0 or 2. If the flag is 1, it represents a short message. For the flag of 3, it represents a file name of a voice message. 
IV. CONCLUSIONS AND FUTURE WORKS
This paper describes a new scheme of the home server platform for implementing home digital service environments. Lots of related companies and corporations have consensus for the necessities of a home server. However, they still have differences in the definite realization method and form. The disagreement of opinion is caused by lack of consensus for the importance of services and by incompleteness of services provided by connecting Internet and home networks using a home server.
Communications, games, and consumer electronics companies are developing their own home server based on new concept devices improving their main product by adding partial functions needed in the home server. However, the home server in the digital home implemented by home networks should satisfy functions for home multimedia server, home control server, and home information server.
This paper proposes and implements a home server for multimedia services, information appliance control services, and information management services. The home server has home network devices for connecting and controlling various information appliances effectively. In order to process large size of multimedia data, the system has multimedia devices such as a D-TV receiver and a multimedia codec module. Open service framework and service bundles are implemented to provide a convenient service management method. The service provider at a remote site can easily manage services requested by users without users' intervention.
The home server is expected to be a core device for constructing information infrastructure that can create new services in a home. Therefore, it can activate markets for information appliances and application services. In addition, it can accelerate the development of new complex information appliances that can be used on an integrated environments of data, communication, broadcast, and home automation.
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